The local octahedral environment of Ni 2+ in NiTiF 6 · 6H 2 O and ZnSiF 6 · 6H 2 O crystals with a trigonal distortion has been studied at different temperatures, based on the complete energy matrices. The calculated results showed that the local lattice structure around an octahedral Ni 2+ centre in NiTiF 6 · 6H 2 O and ZnSiF 6 · 6H 2 O exhibits a compression distortion. Simultaneously, the orbital reduction effect on the g factors has been studied. The relationship between ∆g = g − g ⊥ and orbital reduction factor k at 4.2, 77 and 298 (302) K has been discussed, suggesting that there is an almost linear relation between k and ∆g for the Ni 2+ ion in NiTiF 6 · 6H 2 O and ZnSiF 6 · 6H 2 O at each temperature.
Introduction
Nickel fluorotitanate hexahydrate (NiTiF 6 2+ and the silicon (or titanium) hexafluoride ion [XF 6 ] 2− . Since Pauling [1] has determined the structure in the space group R3 for NiSnCl 6 · 6H 2 O, this local structure symmetry was assumed to be typical of the fluorosilicate and fluorotitanate hexahydrate series. Many physicists and chemists have been devoted to studying these compounds. For instance, the zero-field splitting (ZFS) parameter D and g factors (g , g ⊥ ) for NiTiF 6 · 6H 2 O crystals at different temperatures have been reported by Rubins et al. [2] . The first EPR studies of pair spectra were made on Ni 2+ pairs in ZnSiF 6 · 6H 2 O by Al'tshuler and Valishev [3] . These results provide important information to further studies of the transition metal Ni 2+ ion. The EPR parameters and the temperature dependence of D for Ni 2+ in ZnSiF 6 · 6H 2 O crystals were measured [4 -7] . The magnitude of ∂D/∂T 0932-0784 / 08 / 0900-0609 $ 06.00 c 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com has a maximum of (0.0027 ± 0.0001) cm −1 /K, decreasing to about 0.0015 cm −1 /K at room temperature [5] . However, no theoretical considerations of the effect of temperature on the local structure and the orbital reduction effect on the g factors for Ni 2+ in NiTiF 6 · 6H 2 O and ZnSiF 6 · 6H 2 O crystals have been performed. In this paper, the local structure parameters R and θ at different temperatures are determined by simulating the EPR and optical spectra based on the complete energy matrices for a d 8 ion in a trigonal ligand-field. Meanwhile, by considering the orbital reduction effect, the relationship between the orbital reduction factor k and ∆g has been discussed.
Theory
The spin Hamiltonian, including the ZFS and Zeeman terms, can be written as [8] 
From the spin Hamiltonian, the ZFS parameter D can be calculated by the splitting energy levels in the ground state 3 A 2 for a zero magnetic field:
For Ni 2+ in NiTiF 6 · 6H 2 O and ZnSiF 6 · 6H 2 O the structure symmetry of the water octahedron surrounding Ni 2+ belongs to the R3 space group. The perturbation Hamiltonian for a d 8 Ni 2+ ion in this system can be written as [9] H =Ĥ ee +Ĥ SO +Ĥ LF +Ĥ Zeeman
whereĤ ee is the electron-electron repulsion interaction,Ĥ SO is the spin-orbit coupling interaction,Ĥ LF is the ligand-field interaction,Ĥ Zeeman is the Zeeman interaction, V i is the ligand-field potential, and k (0.5 < k ≤ 1) is the orbital reduction factor [10] . The ligandfield potential V i may be expressed as
where r i , θ i and ϕ i are spherical coordinates of the i-th electron. The Zeeman operator can be written by the parallel or perpendicular component to the C 3 axis as follows:
Then, from (3) we establish the complete energy matrices in the trigonal ligand-field. 
,
where G 2 (τ) and G 4 (τ) are written as
τ and q τ represent the τ-th ligand and its effective charge, respectively, R τ in (8) represents the Ni-H 2 O bond length and θ τ in (7) the angle between the Ni-H 2 O bond and the C 3 axis. According to the Van Vleck approximation for the G k (τ) integral [12] , we obtain the relations
where
In the previous works, the radial wave function of Ni 2+ has been given [13] , and the crystal structure and optical spectra of NiSiF 6 · 6H 2 O have been reported [14, 15] , from which we can derive r 2 / r 4 = 0.141029, A 4 = 20.9 a. u. and A 2 = 2.9475 a. u. for the [Ni(H 2 O) 6 ] 2+ cluster. According to Curie et al.'s covalence theory [16] , the covalence factor N can be used to describe the Racah parameters B and C and the spinorbit coupling coefficient ζ as follows:
where B 0 = 1084 cm −1 , C 0 = 4831 cm −1 , ζ 0 = 649 cm −1 are the free-ion parameters [17] . Then, by diagonalizing the complete energy matrices, the interrelation between electronic and molecular structure may be established, and the local structure of the oc- Tables 1 and 2 . From our calculation, the EPR parameters (in particular the ZFS parameter D) depend strongly on the change of the bond angle and are not sensitive to the small change of the local structure parameter R. Simultaneously, the optical spectra of Ni 2+ in NiTiF 6 · 6H 2 O and ZnSiF 6 · 6H 2 O are listed in Table 3; they are close to each other.
From Tables 1 -3 , by simulating the EPR and optical spectra, the values of R = 2.0325Å, ∆θ = 0.4144 • ; It must be pointed out that, due to the influence of H + ions, the calculated local structure parameters R and θ are at the equivalent position to the effective charge of the H 2 O molecule rather than that of the O 2− ion. According to the former theoretical and experimental researches, θ < θ oh represents the local lattice structure of the 3d n cations in trigonal crystals exhibiting an elongation distortion, contrarily, θ > θ oh represents the local lattice structure of the 3d n cations in trigonal crystals exhibiting a compression distortion. The results of Tables 1 and 2 show that the local lattice structure around the Ni 2+ centre in NiTiF 6 · 6H 2 O and ZnSiF 6 · 6H 2 O has a compression distortion. Furthermore, the local lattice distortion degree for Ni 2+ in ZnSiF 6 · 6H 2 O increases with rising temperature, whereas for Ni 2+ in NiTiF 6 · 6H 2 O the angle distortion degree at 77 K is larger than at 4.2 K and 298 K. This exceptional variation for NiTiF 6 · 6H 2 O may be ascribed to the fact that the ZFS parameter D is very sensitive to the local structure parameter θ , and the values of |D| observed in the experiment increase with temperature up to about 77 K, then decrease between about 77 K and 298 K.
Study of the Relationship between the Orbital
Reduction Factor k and the g Factors From (3), the orbital reduction factor k is taken into account for the Zeeman interaction in the perturbation Hamiltonian. By using the corresponding pa- Fig. 2 .
The relationship between ∆g and the orbital reduction factor k for NiTiF 6 
Conclusion
By diagonalizing the complete energy matrices, the local structure parameters and the zero-field splitting parameter D as well as the g factors of NiTiF 6 · 6H 2 O and ZnSiF 6 · 6H 2 O:Ni 2+ have been studied at different temperatures. It has been shown that the local lattice structure around the octahedral Ni 2+ centre in NiTiF 6 · 6H 2 O and ZnSiF 6 · 6H 2 O exhibits a compression distortion. The angle distortion degree of NiTiF 6 · 6H 2 O at 77 K is larger than that at 4.2 K and 298 K. For the ZnSiF 6 · 6H 2 O:Ni 2+ system, the compression distortion may be ascribed to the fact that the radius of the Ni 2+ ion (0.72Å) is smaller than that of the host ion Zn 2+ (0.75Å) and the local lattice distortion degree of Ni 2+ in ZnSiF 6 · 6H 2 O increases with rising temperature. In addition, from our calculation, we also found that the EPR g factors g and g ⊥ depend sensitively on the orbital reduction factor k and there is a nearly linear relation between k and ∆g for Ni 2+ in NiTiF 6 · 6H 2 O and ZnSiF 6 · 6H 2 O at each temperature.
